Macrophage uptake of low-density lipoprotein modified by 4-hydroxynonenal. An ultrastructural study.
We have documented the ultrastructural characteristics of the uptake and processing by mouse peritoneal macrophages (MPM) of low-density lipoprotein (LDL) modified with 4-hydroxynonenal (HNE), an intermediate of lipid peroxidation. This was performed as part of a larger biochemical study assessing the role of LDL oxidation in lipid loading of macrophages during atherogenesis. Gold-labeled LDL that was modified with HNE leading to particle aggregation represented the morphologic probe used. When incubated with MPM, the probe became associated with short segments of cell membrane, probably derived from blebs or from lysed cells. At 37 degrees C there was a time-dependent increase in uptake by MPM, and at 4 hours the increase paralleled the degradation by MPM of 125I-labeled HNE-LDL-cAu. Clathrin-coated pits on the cell surface were consistently associated with probe. Uptake of probe appeared to occur via phagocytosis, because pseudopods frequently surrounded probe, and cytochalasin D quantitatively prevented probe uptake. A time-dependent increase was found in the number of gold particles per unit area within vacuoles, some of which were secondary lysosomes, based on acid phosphatase-positive staining. Thus, HNE-induced aggregation of LDL during oxidation, binding of aggregates to clathrin-coated pits on MPM, and subsequent phagocytosis may represent one of the ways lipid-laden foam cells are formed in vivo.